A structural-phase state developed on the surface of TiC/Ni-Cr-Al alloy cermet under condition of superfast heating and cooling produced by pulse electron beam melting has been presented. The effect of the surface structural state multimodality on the temperature dependencies of friction and endurance of the cermet tool in cutting metal has been investigated. High-energy flux treatment of subsurface layers by electron beam pulses in argon-containing gas discharge plasma serves to improve the endurance of metal cutting tools multiply ( by a factor of 6), to reduce friction on the account of precipitation of secondary 200 nm carbides in binder interlayers. It is possible to improve the cermet tool endurance for cutting metal by a factor of 10-12 by irradiating the cermet in a reactive nitrogen-containing atmosphere with ensuing precipitation of nanosize 50 nm AlN particles in the binder interlayers.
Introduction
Quantitative data resulting from numerical experiments on elucidating an effect of multiscale structural levels as well as their combinations both on deformation and fracture of cermets under high dynamic loading show new approaches for improving their physical and mechanical characteristics [1] [2] [3] . These approaches are based on the feasibility of generating the multi-scale structures in the cermet [4] implying that most of them will inevitably be involved in deformation, and thus, serve to change the dominating mechanisms of the main crack's nucleation and growth. In other words, the nucleation, successive development and propagation of the crack tip in a "mesoscopically" undamaged material is changed for generating meso-damages in the vicinity of the microcrack tip, which then may grow together into a main crack [5] [6] . Such a mechanism is believed to take essentially more time until fracture, thus improving the cermet's fracture toughness.
Generating extra structural levels in the surface layer of a cermet is feasible by using superfast heating, and thus creating a structural--nonequilibrium state which then would be retained during the superfast cooling [7] [8] . In this present work, cermet samples were modified by pulse electron beam melting and thus modified structures as well as the effect of subsurface structural-phase state on physical properties and the effect of subsurface structural-phase state on physical properties and endurance of the cermet was investigated.
Experimental
Experiments have been carried out on cermet samples composed of 50% TiC particles and 50% Ni-Cr-Al binder. The parameters of pulse electron beam treatment were as follows: thickness of a cermet layer heated 200 µm, heating rate 10 4 to 10 9 K/s, pulse durations τ=50, 100, 150, 200 µs, power density W S 6×10 5 Wt/cm 2 , which gave energy density E S up to 60 J/cm 2 , electron beam diameter 1 to 2 cm [9] . The modified microstructures were examined using scanning electron microscope (SEM，Philips 515) and transmission electron microscope (TEM, EM-125).
Results and Discussion

Surface layer structural modification using pulse electron beam melting
Compacted cermet samples consisted of three base components: (i) metallic binder reinforced by (ii) brittle, high-hardness TiC particles of mesoscopic scale size 1 to 10 µm, and (iii) particle/binder interface region of variable composition and crossover section diameter up to 4 µm. Numerical experiments were carried out to determine the temperature fields generated on the surface of the 50 % vol. TiC/50 % vol. (Ni-Cr-Al) cermet under exposure to pulse electron beam mtlting [10] . These experiments enabled us to estimate the beam power density ranges, pulse durations and number suitable for planning an experiment on determining the effect of these process parameters on the structural-phase state of the cermet subsurface after electron beam melting. The main criteria for obtaining the estimations were (i) the heat penetration depth x=100 to 200 µm, and (ii) single pulse heating temperature at minimal temperature gradient in a layer up to 3000K. Assuming these criteria, we obtain to the beam energy density E s =40-50 J/cm 2 and pulse duration t i = 100-200 µs. It is necessary however to take into account the fact that a temperature profile generated by the first pulse is not practically changed with the pulse number. The pulse number permits controlling the cermet's phases' interaction time under non-equilibrium temperature-time conditions for specified energy densities and pulse durations.
The microstructures in the cermet's subsurface generated by electron beam irradiation at energy density 40 J/cm 2 and pulse durations 50, 100, 150 and 200 µs, respectively, are shown in Fig.1 . The shortest pulse duration 50 µs was able to generate a vitreous structure layer on the cermet's surface (see Fig.1a ) with almost all the carbide particles being dissolved in the melted binder. Increasing the pulse duration to 100 µs or even more to 150 and 200 µs resulted in reducing the degree of the carbide particles' dissolubility. Also the coarsest TiC particles showed cracks, which were then filled with the binder. The inter-particle binder layers contained secondary phases being inherent to superfast solidified multiphase metallic systems (see Fig.2 c, d) .
The TEM images allow examining the modified cermet's subsurface structural-phase state in greater detail. It has been found that electron beam irradiation of the cermet by 150 to 200 µs pulses is characterised mainly by the carbide dissolution and the following precipitation of secondary 60 to 75 µm carbides in the inter-particle binder layers (Fig.2) . 
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Innovative Technologies and Economics in Engineering As can be seen from Fig. 2 , an extra structural component composed of nanosize secondary TiC carbide particles dispersed in the inter-particle binder layers, is formed when exposing the TiC/Ni-Cr-Al cermet to pulse electron beam melting at pulse durations 150 to 200 µs and power density 8 to 10 x10 5 Wt/cm 2 . A fourlevel structure consisting of (a) primary TiC particles, (b) inter-particle binder layers, (c) particle/binder interface region, and (d) secondary nanosize carbide precipitations embedded in the inter-particle binder layers on the surface of the cermet after pulse electron beam melting. Also we show elsewhere [6, 7] that the fifth structural level appears in the cermet after pulse electron beam melting in nitrogen-containing gas discharge plasma. The metallic binder on the surface of such a cermet contains some aluminum nitride particles with size of about 50 nm (see Fig.3 ). 
Effect of subsurface structural-phase state on physical properties and endurance of the cermet
Temperature dependencies of the friction factor of the cermet in cutting metal (Fig.4a ) are shown together with the endurance of the cermet cutting tool as functions of the pulse duration and energy density (Fig.4b) . It can be seen that the friction factor of the cermet in cutting metal increases with the treated temperature for samples 2 to 5 treated in argon-containing gas discharge plasma, much lower than the untreated sample and samples 6 to 7 treated in nitrogen-containing gas discharge plasma. This may be related to the coarsest TiC particles and cracks in the modified subsurface microstructure treated by nitrogen-containing gas discharge plasma (see Fig. 1c and Fig. 1d ). But for the cermet treated by argon-containing gas discharge plasma, a vitreous structure layer with all the carbide particles being dissolved in the melted binder will be responsible for the reduced friction factor. The untreated cermet sample 1 is characterized by three structural levels. Samples 2 to 5 treated in argon-containing gas discharge plasma offer four structural levels. Five structural levels are found in samples treated in nitrogen-containing gas discharge plasma. Comparing the curves in Fig.4 , one can state that the temperature dependencies of friction as well as the endurance in cutting metal are in direct relation to the number of structural levels generated in the subsurface of the cermet platelet. The higher is the number of structural levels in the subsurface of the cermet, the more moderate is the influence of the temperature on the friction. The electron beam melting in nitrogen-containing gas discharge plasma at 50 J/cm 2 does not result in any sufficient effect of temperature on friction up to 600°C (Fig.4a ). Increasing the number of structural levels in the subsurface of a cermet has a good effect on improving the cutting endurance of the tool. The improvement by a factor of 12 and higher is achieved as compared to the untreated cermet ( Fig.4b) . Fig.4 . Temperature dependencies of the friction factor (a) of the cermet for cutting metal and (b) endurance of the cermet tool as a function of pulse duration for different electron beam energy densities. 1 -untreated state, 2 to 5 -electron beam melting in argon-containing gas discharge plasma, 6 to 7 -electron beam melting in nitrogen-containing gas discharge plasma.
Conclusion
By the example of TiC/(Ni-Cr-Al) cermet we show that generating extra structural levels in the subsurface of the cermet, one can reduce the temperature dependence of friction and improve multiply the endurance of a cutting tool for metal. In other words, purposely introducing a hierarchy of structural levels in the subsurface, we can improve the cermet's adequate response to the changed external conditions and provide long life of the cermet tool under extreme service conditions.
